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REMARKS/ARGUMENTS 

Favorable consideration of this application, as presently amended and in light of the 
following discussion, is respectfully requested. 

Claims 1 and 3 are presently pending in this application, Claim 1 having been 
amended and Claims 2 and 4 having been canceled by the present amendment. 

In the outstanding Office Action, Claims 1-3 were rejected under 35 U.S.C. §102(b) 
as being anticipated by JP 10-024274 (hereinafter "JP '274"); and Claim 4 was rejected under 
35 U.S.C. § 103(a) as being unpatentable over JP *274. 

Claim 1 has been amended herein. These amendments find support in the 
specification, claims and drawings as originally filed, for example, the specification, 
paragraphs 19-20, and no new matter is believed to be added thereby. If, however, the 
Examiner disagrees, the Examiner is invited to telephone the undersigned who will be happy 
to work in a joint effort to derive mutually satisfactory claim language. 

Before addressing the rejection based on the cited reference, a brief review of Claim 1 
as currently amended is believed to be helpfiil. Claim 1 is directed to a method for 
decomposing a plastic and recites "treating a thermosetting resin which comprises a polyester 
and its crosslinking moiety, with subcritical water of a temperature lower than the thermal 
decomposition temperature of the thermosetting resin; and recovering a compound 
comprising an acid residue derived fi*om the polyester and a residue derived fi*om the 
crosslinking moiety, obtained from the treating of the thermosetting resin, wherein the 
subscritical water contains an alkaline salt in an amount of not less than 2 molar equivalents 
relative to the theoretical number of the moles of an acid residue which is contained in a 
compound comprising the acid residue derived from the polyester and a residue derived from 
the crosslinking moiety, obtained by the decomposition of the thermosetting resin," 
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It is respectfully submitted that JP '274 is not believed to teach or suggest "recovering 
a compound comprising an acid residue derived from the polyester and a residue derived 
from the crosslinking moiety, obtained from the treating of the thermosetting resin, wherein 
the subscritical water contains an alkaline salt in an amount of not less than 2 molar 
equivalents relative to the theoretical number of the moles of an acid residue which is 
contained in a compound comprising the acid residue derived from the polyester and a 
residue derived from the crossHnking moiety, obtained by the decomposition of the 
thermosetting resin" as recited in amended Claim 1. 

More specifically, JP '274 only describes a process for thermally decomposing (/.e., 
C-C linkages are also decomposed) a thermosetting resin such as epoxy resins and phenolic 
resins with supercritical water to recover thermal decomposition products (phenol monomers) 
as it becomes apparent from the following discussions. 

First, regarding the supercritical water, the Examples of Junya only describe a process 
for decomposing epoxy resins or phenolic resins with supercritical water at 400''C.' In 
hydrolysis, the value of the product of H* ion and OH" ion is important. The value of the ion 
product in subcritical water as used in the method of Claim 1 is about a thousand times as 
high as that in water at ordinary temperature. Accordingly, subcritical water has a very high 
activity for hydrolysis. In contrast, the value of the ion product in supercritical water is 
rapidly decreased at a temperature higher than the supercritical temperature (374.4^C),^ and 
the value at 400°C is nine orders of magnitude less than that in subcritical water and about six 
orders of magnitude less than that in water at ordinary temperature. Namely, there are little 



' See, JP '274. paragraphs 1 M4. 
^ See, the specification, paragraph 16. 
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ions required for hydrolysis in the reaction condition (supercritical water at 400°C) in the 
Examples of JP '274, i.e., the thermal decomposition predominates in the reaction condition.^ 

Second, regarding the thermal decomposition temperatures of phenolic resins and epoxy 
resins, the thermal decomposition temperature of phenolic resins is 300 to 350°C and the 
thermal decomposition temperatxire of epoxy resins is 200 to 250°C.'* Therefore, the 
temperature (400°C) of supercritical water in the Examples of JP *274 is higher than the 
themial decomposition temperatures of phenolic resins and epoxy resins. 

Third, regarding the decomposition product to be recovered, phenol monomers 
recovered in the Examples of JP '274 are thermal decomposition products of the 
thermosetting resin (phenolic resins and epoxy resins). Phenolic resins are phenol monomers 
linked together via methoxy groups, and epoxy resins have a chain of bisphenol A structures 
(see the following formulas). Therefore, if phenol monomers are obtained from these resins 
as decomposition products, it is considered that these resins are thermally decomposed (for 
example, the middle and both ends of bisphenol A structures in epoxy resins are 
decomposed). 

Phenolic resins 




Epoxy resins rbisphenol A type). 



CH2'CH-CH2|o-^^-0-^^-0-CH2-CH-OH^ 



^ See, for example, the attached American Chemical Society Symposium Series, 518(1993)), page 38, Fig. 2. 
^ See, for exanple, the attached Phenolic Resin Guidebook, p. 1 16 to 1 17. 
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In contrast, the method of Claim 1 is made by focusing on the structural feature (a 
polyester and its crosslinking moiety) of a thermosetting resin such as an unsaturated 
polyester (UP) resin, and is characterized by the efficient recovery of a crosslinking moiety- 
containing molecule such as a styrenefumaric acid copolymer (SFC) (hereinafter **SFCs"). 
The SFCs have a high potential as a functional polymer and are reusable as a high value- 
added material such as a low shrinking agent, a surfactant, a dispersant for pigment, etc. The 
JP '274 process, on the other hand, is directed to the thermosetting resin having a matrix 
stmcture obtained by crosslinking a part of the main chains containing monomer units such as 
phenol and bisphenol A linked together via methoxy linkages, via ester linkages. The structure 
of the thermosetting resin to be decomposed in the JP '274 process is clearly different from that 
of the thermosetting resin (e,g., UP resin) comprising a polyester and its crosslinking moiety to 
be decomposed in the method of Claim 1 . As described above, the main reaction in the reaction 
condition of JP *274 is thermal decomposition rather than hydrolysis. Therefore, phenol 
monomers derived from the main chain containing monomer units such as phenol and bisphenol 
A via methoxy linkages, are only obtained in the JP '274 process. Even if the ester linkages of 
the thermosetting resin are hydrolyzed in the JP '274 process, the resin essentially have no 
molecular structure having a high potential as a functional polymer containing many carboxylic 
acid functional groups, and therefore, a high-value added material such as SFC cannot be 
recovered in the JP *274 process. 

Also, in the method of Claim 1, subcritical water which mainly hydrolyzes ester 
linkages is used, and the decomposition of the thermosetting resin is carried out at a 
temperature lower than the thermal decomposition temperature of the resin such that the 
crosslinking moieties of the resin are not decomposed (i.e., C-C linkages are not 
decomposed), for the efficient recovery of a functional polymer such as SFC. In addition, a 
given amount of alkaline salt is also used in the method of Claim 1 for this purpose. On the 

6 



Application No. 10/593,081 

Reply to Office Action of December 1 7, 2008 

other hand, in the JP '274 process, the concentration of NaOH in water is preferably 2%, 
more preferably 0.2% in terms of the effects of the addition, post-treatments, etc.^ In the 
Examples of JP *274, the recovery percentage of the resultant phenol monomers was 8% 
when only water was used,^ and 10% when NaOH: 500 g (corresponding to a concentration 
of 1%) was added to water.^ There are little effects of the addition of NaOH in terms of the 
recovery percentage of phenol monomers. 

This is due to that the main reaction in the Examples of JP *274 is thermal 
decomposition (i.e., C-C linkages are also decomposed) rather than hydrolysis of esters, as 
described above, and therefore, the addition of NaOH, which can accelerate hydrolysis of 
esters, is almost meaningless. In contrast, for the efficient recovery of SFCs, an alkaline salt 
is used in an amount of not less than 2 molar equivalents relative to the theoretical number of 
the moles of an acid residue which is contained in SFCs in the method of Claim 1. The 
amount is much higher than the amount required for the acceleration of hydrolysis of esters. 
By using the above amount of an alkaline salt, the efficient recovery of desired SFCs is 
attained. 

To illustrate this point, submitted herewith is the Declaration of Mr, Nakagawa 
demonstrating experiments and their results. In the Experiments, the effects of the addition 
of KOH were confirmed when an unsaturated polyester (UP) (free of styrene and 
uncrosslinked) was decomposed with subcritical water. The decomposition condition was the 
same as that in the Examples of the specification. 

In the Experiment 1 (free of KOH, water alone), the decomposition percentage of UP 
was 100%. the recovery percentage of glycol was 59%, and the recovery percentage of 
organic acid was 85%. The mean value of recovery percentages was 72%, since the glycol 

^ See, JP '274, paragraph 9. 

^ See id., £xaiiq)Ie 1, paragraph 11. 

^ See id., £xanq)le 2, paragraph 12. 
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and the organic acid were contained in an equivalent amount in UP. When KOH was used in 
an amount of 1 .9 molar equivalents relative to the theoretical number of moles of acid residue 
in SFCs (Experiment 2, *1 in Table A), the decomposition percentage was 100%, the 
recovery percentage of glycol was 86%, and the recovery percentage of organic acid was 
62%. The mean value of recovery percentages was 74%, which is the same as that in the 
Experiment 1 (water alone). The same results were obtained when higher amounts of KOH 
were used (Experiments 3 and 4). 

In the Experiments, there are little effects of the addition of KOH on the 
decomposition of uncrosslinked UP with subcritical water. In hydrolysis of polyesters, an 
alkaline salt such as KOH is generally used to provide water with OH" ions in order to 
accelerate the reaction. However, there would be enough OH' ions for hydrolysis of esters in 
subcritical water in the reaction conditions in the Experiments, even if the OH" ions were not 
provided from KOH, since the value of the ion product in subcritical water is about a 
thousand times as high as that of water at ordinary temperature. Therefore, the addition of 
alkaline salt is almost meaningless in the decomposition of uncrosslinked UP. 

Unlike when uncrosslinked UP is decomposed, the effects of the addition of alkaline 
salt in a given amount is pronounced when a thermosetting resin comprising a polyester and 
its crosslinking moiety is decomposed in the present invention. 

In the Example 1 of the specification (water alone), the decomposition percentage of 
the thermosetting resin was 5.1%, the SFC formation percentage was 1%, and the glycol 
recovery percentage was 47%. When KOH was used in an amount of 1 .9 molar equivalents 
relative to the theoretical number of moles of acid residue in SFC (Example 2), the 
decomposition percentage was 36%, and the glycol recovery percentage was 41%. However, 
the SFC formation percentage was still 1%. In contrast, when KOH was used in an amount 
of not less than 2 molar equivalents, 4.8 molar equivalents, (Example 3), the decomposition 
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percentage was increased to 87%, the glycol recovery percentage was increased to 72%, and 
the SFC formation percentage was drastically increased to 70%. 

It is apparent that the main reaction in the Examples of the specification is hydrolysis 
of ester linkages in the polyester main chains of the thermosetting resin in view of the 
products (glycol, organic acid, and SFC). 

The above Experiments demonstrate that the addition of KOH is almost meaningless 
in the decomposition of uncrosslinked UP with subcritical water, and thus it is apparent that 
the acceleration of hydrolysis of polyester by the addition of KOH is not the reason why the 
addition of KOH leads to the drastic increased SFC formation percentage in the 
decomposition of crosslinked UP with subcritical water. 

Applicants respectflilly submit that the result is caused by the improvement of the 
solubility of SFC with KOH, SFC in carboxylic acid form is insoluble in water, but K salt 
thereof (SFC-K) is soluble in water. In view of the glycol recovery percentage, it is apparent 
that about half of ester linkages of polyester main chains in the thermosetting resin were 
decomposed when KOH was used in an amount of 1 .9 molar equivalents (Example 2). 
Despite this, the decomposition percentage and the SFC formation percentage were very low 
in Example 2. It is believed that SFC cannot dissolve into water, and remains along with 
inorganic materials in the bulk of the thermosetting resin mold, namely, when the resin on the 
surface of the bulk of the mold is decomposed, the resultant glycol dissolves into water, but 
insoluble SFC remains on the surface of the bulk, and prevents water &om accessing the 
inside of the resin. 

In contrast, when KOH is used in an amount of not less than 2 molar equivalents, 
SFC-K dissolves into water, the surface of the bulk of the thermosetting resin mold appears 
one after another, flesh water can always access the resin, the size of the mold rapidly 
decreases, and the ratio of water amount to the surface area of the bulk increases at an 
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accelerated rate. Namely, the Shrinking-Core model is developed, and the reaction is 
efficiently progressed. 

Therefore, the effects of the addition of a given amount of an alkaline salt in the 
method of Claim 1 would not be obvious, hi addition, thermosetting resins such as UP resin 
are generally used as a composite with inorganic materials, etc. Thus, if SFCs are present as 
an insoluble solid, it is difficult to separate SFCs from inorganic material etc. When a 
thermosetting resin comprising a polyester and its crosslinking moiety is decomposed with 
subcritical water containing an alkaline salt in an amount of not less than 2 molar equivalents, 
SFCs can be dissolved into water in the form of an alkaline metal, salt, and therefore, can be 
easily separated fi'om inorganic materials. The method of Claim 1 according to the present 
invention provides such an advantage. 

Based on the foregoing discussions, it is respectfully submitted that the subject matter 
recited in amended Claim 1 is believed to be distinguishable fi'om JP *274, and because JP 
*274 fails to disclose the treatment and/or recovery as recited in amended Claim 1, its 
teachings are not believed to render the method recited in Claim 1 obvious. 

For the foregoing reasons, Claim 1 is believed to be allowable. Furthermore, since 
Claim 3 depend directly fi'om Claim 1, substantially the same arguments set forth above also 
apply to this dependent claim. Hence, Claim 3 is believed to be allowable as well. 
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In view of the amendments and discussions presented above, Applicants respectfully 
submit that the present application is in condition for allowance, and an early action favorable 
to that effect is earnestly solicited. 



Respectfully submitted, 




OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C.^ 



Customer Number 



Attorney of Record 
Registration No. 46,155 



22850 



Tel: (703)413-3000 
Fax: (703)413-2220 
(OSMMN 08/07) 



AY/mda 



11 



Attachment 1 



iS0003 



Oiapter 3 



Supercritical Water Oxidation Technology 

Process Deyelopment and Fundamental Research 

Jefferson W. Ttester*, H. Richard HolgateS Fred J. ArmelliniS 
Paul A. Webl^S Wllam R. KaUtea*, Glenn T. Hong^, 
and Herbert E. Baraer' 

iQieniical Engineering Department and Energy Uboratoiy, Massachnsctts 
• bistitate of Technology, 77 Massacliosetts Avenue, Room E40-455, 

Cambridge, MA 02139 
^MODAR, Inc., Natid^ MA 0X760 
'ABB Lnmrnus Crest, Inc^ Bloomfield, NJ 07003 

Hazarfous organic wastes, including cUorinated hydrocaibons, in aqueous 
^Tconlaiiflng salts can be effeotivdy oxidized by treatment above fte 
SSj ^int of pure water (374»C, 221 bar). Ifigh destrvic^on fffi«e«^« 
may be achieved at low reactor residence times (^roximat^y 1 nunute w 
less^ for temperatures above 550*C. Under tixese condltioos, »<> NO, 
conmounds produced. The high solubility of orgamcs and oxyg« and 
the tow solubility of salts in supercritical water raake it an attractive m^um 
for both oxidation and salt separation. This paper reviews cniical tecJmol- 
oey components and opemdons tequired for commercial-scale development 
onOTcrSS water wddation (SCWO). These include fluid handling and 
compression, heat ewhange and recuperative heat re«>v«y , reactor and salt 
separator design and materials considerations. In addition, a summary of 
fbndameotalnMearch activities in the areas of oxidation reac^ 
mechanisms and solid salt nuclcation and deposition is presented in the 
context of its impact on SCWO process deveiopraent. 

Oxidation carried out in a supercritical water environment at tef^P«atores^ove 
374''C and pressures above 221 bar (22.1 MPa) provides a viable method for Je 
efficient destruction of organic wastes in a ftUv ^^^^P^: J^f^^^ 
process has been termed supercriUcal water padation, SCWO, ^d has been unto 
Sommeroial development for about the past 11 years by MpDAR, toe. U-^- 
process has also proven suitable for treatment of human metabobc wastes, and isbemg 
considered for use in fife support systems on long-teim spaceflights A 
relatively recent variation of SCWO involves canying out the process m a deep wett 
utilizing the hydrostatic head of fluid in the wellDore to help provide the necessary 
Oiiessure level (see, e.g., Gloyha {22)). , 

The main objectives of this paper are twofold: (1) to review the staOJS of above- 
ground SCWO technology from a process, engineering perspecdve, and (2) to review 
SndamentaUy focused research on reaction kinetics, phase equihbna and solid salt 
separation critical to understanding the chemistcy and phase betevmr of reactions 
^ed out in the SCWO process'. The eCBsctiveness of SCWO for Ireatmg a wide 
range of waste stream compositiohs will be reviewed. The status of development of 
SCWO as a commercial-scale process along with a discussion of remaimng tecnmcai 
issues and critical sub-process elements will also.be presented. 

0097-6l56/93/0318-0035ni.30/D 
© 1993 American Chemical Society 
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is not required. Ncmetheless, solids removal and storage are necessary, and water 
effluent polishing units incorporating ion exchange may be needed to remove small 
cont^ntrations of dissolved metal Ions. Major drawbacks of SCWO are the high 
pressures required (>230 bar) and the feet that corrosion at certain points in the 
process is significant. For some wastes, solids handling can also pose difficulties. 

Properties of Supercritical Water 

In the region near the critical pointy the density of water (shown in Figure 1) changes 
rapidly with both temperature and pressure, and is intermediate between that of liquid 
water (1 g/cm^) and low-pressure water vapor (<0,00l g/cm^. At typical SCWO 
.condidOTS, the water density is approximately O.I g/cm^. Consequently, the 
properties of supercritical water are quite different from those of liquid water at 
ambient conditions, particularly diose properties related to solvation. 

Insight into the solvation characteristics and molecular structure of the aqueous 
system can be obtained by experimental measurements of dielectric constant, ionic 
dissociation constant, and Kaman spectial emissions in passing £rom the subc^tical to 
supercritical r^ons. Figure 2 shows that the static dielectric constant of water at 25 
MPa drops firora a room-temperiature value of around 80 to about 5 to 10 in the near- 
critical xegion, and finally to around 2 at 450''C and above (21-23). Along the same 
is^ar, as shown in Figure 2, the ionic dissociation constant fsdls from at room 
temperature to IQ"^^ m the near-critical regime and to 10'^ under supercritical 
conditions {24). Furthermore, Raman spectra of deuterated water in the supercritical 
r^on show only a small residual amount of hydrogen bonding (25,26). As a result, 
supercritical water acts as a nbn-polair dense gas, and its solvation properties resemble 
those of a low-polarity organic; Hydrocarbons exhibit generally high solubUity in 
sup^mtical water, , 

Near the critical point, the solubility of an organic compound m water cOTrdates 
stmngjy with density and is thus very pressure dependent in this region. BenzCTc 
solubmty in water is a good example (27,25). At 25 *C, benzene is sparingly soluble 
in water (0,07 wt%). At 260''C, the solubility is about 7 to 8 wt% and fairly 
independent of pressure. At 287^C, the solubility is somewhat: pressure dq>endent, 
with a maximum of 18 wt% at 20 to 25 MPa. In this pressure range, the solubility 
rises to 35 wt% at 295*C, and at 300^C, the critical point of the benzene-watw 
mixture is surpassed. When the mixture becomes supercritical, by definition, there 
is only a single phase. Thus, the components are raisdble in all proportions* 

Other hydrocarbons exhibit similar solubility behavior near 25 MPa: Binary 
mixtures of n-alkanes (C2-C7) and water become supercritical (and, therefore, 
completely mlscible) at temperatures below about 370^C (27,29,30). Supercritical 
water also shows complete miscibility with "permanent" gases such as nitrogen (32), 
oxygen and air (i2), hydrogen (33), and carbon dioxide (34,35), in addition to small 
organics like methane (3€). The loci of critical points of the binary mixtures 
containing water have also been reported by Franck and co-workers for the 
aforementioned organic substances and gases* Alwani and Schndder (37) have 
reported the phase behavior of axomalic hydrocarbons fincluding 1,3,5-trimethyl- 
benzene and naphthalene) with supercritical water. All or the compounds studied to 
date are completdy miscibie with water above 400^C at 25 MPa, Franck and his 
research group have also extended eariier phase behavior information for binary 
systems to include phase equilibrium data for t^ary systems containing salts such as 
NaCl, Cadj, and NaBr (36,38,39). 

In contrast to the high solubili^ of organics, the solubility of inorganic salts in 
supercritical water, as shown in Figure 3, is very low. Many salts that have high 
solubilities in liquid water have extremely low solubilities in supercritical water. For 
example, NaCl solubility is abQUt 37 wt% at 300^C and about 120 ppm at SSO^'C and 
25 kffa (44); Cad^ has a maximum solubijity of 70 wt95 at subcritical temperatures. 
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Figure 1. P)ressare-TeiDperotuF&>Dexislt7, Behavior of Pure Water» CP 
denotes ttie cnttcal point; the vapor-Uquidr^a indicates conditicms undcar whidi 
iwo Plwses are piesent. Dcaaty calculated from the equation of state of j^ur et 
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Partial English translation of Polymeric Mechanical 
Materials - Phenolic Resin Guideboolc, pages 116 to 117 

{p. 116) 

Table 2.1 Organic Polymers Having Superior Hisat Resistance 

(omitted) 

C. Heat resistance of Phenolic Resins 

a. Heat resistance of Phenolic Resins themselves 

Fig, 2.1 shows the heat resistance of phenolic 
resins compared to oher resins. This graph shows a 
decomposition amount of each resin by thermolysis in vacuum. 

(omitted) 

Fig. 2.1 Relative Thermal Stability Of Plastics 

From the above graph, it is apparent that phenolic 
resins have the second largest thermal stability after 
silicones. When these resins are heated in air, the 
temperatures where the weights of the resins are rapidly 
reduced by thermolysis are as follows 

(p-117) 

Silicones 350 to 400*^0 

Phenolic resins 300 to 400^0 
Epoxy resins 200 to 250''C 

Polyester 150 to 200"C 

In this case, silicones show the largest thermal 
stability, followed by phenolic resins. Fig, 2.2 shows 
the weight reducing of phenolic resins during heating in 
air. 

(omitted) 

Fig. 2.2 Weight Reducing Of Phenolic Resins During Heating 

In Air 

(omitted) 
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